ITTLE attention appears to have been paid in recent years to neurophysio-L logical differences between mammals capable of hibernation and those that are not. Horvath (I) pointed out that certain species (ground squirrel, hedgehog, European hamster, and bat) could be cooled artscially until their rectal temperatures approached 0°C. and still revive spontaneously on being returned to a warmer environment. On the other hand cooling to a rectal temperature of IO' to 19°C. is usually fatal to mammals which do not hibernate, for example, rabbits, cats, dogs, guinea pigs, rats and monkeys (2-Q, although mice have survived a body temperature of 8.5OC. (9) and newborn rats have recovered from 5OC. (IO).
L logical differences between mammals capable of hibernation and those that are not. Horvath (I) pointed out that certain species (ground squirrel, hedgehog, European hamster, and bat) could be cooled artscially until their rectal temperatures approached 0°C. and still revive spontaneously on being returned to a warmer environment. On the other hand cooling to a rectal temperature of IO' to 19°C. is usually fatal to mammals which do not hibernate, for example, rabbits, cats, dogs, guinea pigs, rats and monkeys (2-Q, although mice have survived a body temperature of 8.5OC. (9) and newborn rats have recovered from 5OC. (IO) .
Interest was aroused in the present problem when it was noted that hibernating golden hamsters with body temperatures of 4OC. as measured by rectal and cheek pouch thermocouples still responded to external stimuli. Since it had been shown that nerves of the cat studied in vitro cease functioning at about 8OC. (XI) , it was thought advisable to compare the effects of cooling on conduction by nerve in the hamster and a non-hibernating rodent, the albino rat.
METHOD
Adult golden hamsters (Mesocricetzls aura&u) and adult albino rats were killed by stunning or decapitation, the tibia1 nerves removed and placed in Ringer's solution at room temperature. Each of the pair of nerves was then in turn arranged for monophasic recording on silver-silver chloride electrodes in a double-walled moist chambek, the temperature inside of which could be changed in steps from 2oOC. to 2OC. by means of circulating brine. The nerve was crushed under the distal recording electrode, but no attempt was made to minimize the positive artefact with KC1 or cocaine. A thermometer with bulb close to the nerve measured the temperature inside the chamber. Complete observations were made on IO nerves from hamsters, 3 of which were from hamsters which had been in hibernation for 32 to 5 2 days and on I 2 nerves from rats.
Preliminary experiments showed that it took about IO minutes for a nerve to reach equilibrium at any one temperature. Hence the nerves were always left at any given temperature for at least IO minutes before observations were made.
The nerves were stimulated with supramaximal biphasic shocks from a Grass stimulator led to the nerve in the chamber through a Wagner ground. Nerve action potentials were led into a capacity-coupled amplifier on push-pull and thence to a cathode ray oscilloscope, where the potentials were either photographed or measured directly with a celluloid grid.
Since the nerves were short, especially those from the hamsters, we were able to obtain only one elevation of the compound nerve action potential. The variables measured were : height of the action potential, conduction velocity, excitability, the temperature at which the nerve ceased to conduct and, in a few cases, the absolutely and relatively refractory periods. Excitability was measured as the reciprocal of the voltage necessary to just cause the appearance of the nerve action potential. Thus when 'excitability' is used below it refers to the excitability of the fibers with lowest threshold in the two groups of nerves.
All measurements of the above variables made at 2o°C. were arbitrarily taken to be IOO per cent and changes in the variables were recorded both in absolute figures and as percentages of the values at 2o°C.
Gasser (12) has pointed out that the internal resistance of nerve fibers changes with temperature, which has an effect on .the magnitude of the recorded potential. In order to evaluate this source of error, the resistances of tibia1 nerves from a hamster and rat were measured on electrodes in the chamber with an A.C. bridge at 3000 c/set. On cooling from 2o°C. to 6'C. the nerves showed an average increase in resistance of 61 per cent and the rates of change of resistance were similar. increase is not great enough to exert significant influence on the results reported below. Minimal temperatures permitting conduction in nerves of hamster and rat. The most striking difference between the tibia1 nerves of the two species studied is that nerves from hamsters as opposed to nerves from rats will conduct when cooled to lower temperatures. Table I shows the temperatures at which nerves in each single experiment ceased to conduct .
This
As can be seen in table I, the average critical temperature for functioning of nerves was for the tibia1 of the hamster 3.4OC. and for the rat 9.0°C. Statistical analysis of the figures of table I according to the 't' test of significance shows that P is much less than 0.01, hence the observations are statistically valid.
EJect of cooling on height of action potential, conduction velocity, and excitability. The differences in these respects between the nerves of hamster and rat can best be appreciated by reference to figures I to 3, which show typical results.
In figure I it can be seen that cooling the tibia1 nerve of a rat (exp. RIO) from 2o°C. causes a progressive decrease in the height of the action potential and in conduction velocity. In figure 3 the relative changes in these variables for the rat are plotted, together with the change in the excitability of the nerve. All three variables are seen to decrease fairly linearly and at approximately the same rate. Figure 2 shows the action potential of a typical nerve from a hamster (e@. Hz) which in this case happened to be from a hibernating hamster, although nerves from non-hibernating hamsters behaved similarly. Figure 3 reveals that while again in the hamster there is a fairly linear decrease in conduction velocity and excitability with cooling, the curve is shifted markedly to the left from that of the rat and there is a dissociation in that the action potential actually increases in height transiently as cooling progresses. Figures I and 2 illustrate one other difference between nerves of hamster and rat, namely, that when the nerves were rewarmed to 2o°C. after they had been cooled till conduction ceased, nerves from rats in only 2 out of 12 experiments showed the original height of the action potential, while the nerves of the hamsters in all but one instance showed their original potential or even exceeded it.
Effect of cooling ON absolutely and relatively refractory periods. These have not been analyzed with precision, but we can state that, as might be expected, cooling increased the duration of these refractory periods. Furthermore, nerves from hamsters required a greater amount of cooling than nerves from rats to bring about the same relative changes in refractory periods.
Fatigue in cooled nerve of the hamster. We have noticed in nerves of hamsters that, at temperatures of s"C., repetitive stimulation at rates as low as r/set. resulted in rapid fatigue as evidenced by a progressive decrease in the size of the action potential.
Absolute conduction velocities in nerves from hamsters and rats. Conduction velocities in nerves of hamsters at 2o°C. averaged 30.5 m/set., while nerves from rats at the same temperature conducted at an average rate of 37.8 m/set. Statistical analysis showed no significant difference between the two groups. Measurement of conduction velocity in such short lengths of nerve is difficult to do accurately, but the highest figure obtained for the rat (69.2 m/set.) is of the order of magnitude one would expect from consideration of the known maximal fiber diameter in the tibia1 nerve of this species (13) .
Similarity of function in nerves from hibernating and non-hibernating hamsters. When it was discovered that nerves from hibernating hamsters conducted at lower temperatures than those from rats, the question arose as to whether the resistance to cold was a property which the nerves acquired as the hamster went into hibernation or whether this property was intrinsic to the species. Subsequent studies revealed no differences in thermal sensitivity between the nerves of non-hibernating and hibernating hamsters. Thus the property of being able to conduct at low temperature is a true species difference and not a change in the nerve which occurs when the hamster is exposed to cold.
DISCUSSION
The observations reported here would appear to confirm the dictum of Horvath (I) that "artificial cooling has clearly shown that hibernators react to cooling completely differently than non-hibernators." Indeed Tait (14) stated that a phrenic nerve-diaphragm preparation, as well as the excised heart, from hibernating animals (woodchuck, hedgehog) showed activity at much lower temperatures than would be expected were the preparations from non-hibernating animals.
The fact that the action potential and conduction velocity of mammalian nerve decrease with cooling has been recorded by Gasser (12) .
If this decrease is assumed to be linear, an extrapolation made of Gasser's figures for the phrenic nerve of the dog shows that this preparation should cease to conduct at about II'C., which is comparable to our results with the tibia1 nerve of the rat.
When nerves from hamsters are cooled, conduction velocity and excitability seem to decrease at the same rate, while in the early stages of cooling the height of the action potential is well maintained or may even increase. The literature on the effects of cooling on the height of the action potential is controversial. For example, Gasser (I 2, I 5) described a decline in height on cooling in mammalian and frog nerves, whereas Schoepfle and Erlanger (16) found that cold increased the height of the action potential in frog single-fiber preparations and Lundberg (17) found that cooling increased the height in mammalian C but not mammalian A fibers. At any rate, the behavior of nerve from the hamster on cooling shows a dissociation between height of the action potential and conduction velocity which, if examined in the light of current theories of nerve conduction, indicates that the usual proportionality between these two variables may be more fortuitous than fundamental.
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possess.
The mechanism of the differences in response to cooling displayed by nerves from the two species remains obscure. Lundberg (I 7) has recently shown that C fibers are more resistant to cooling than A fibers. However, it is doubtful that the physiological differences between nerves from hamsters and rats could be based merely on differences in fiber size, since at low temperatures the nerve of the hamster is more excitable and has a larger action potential than one would expect if the still active fibers were only the smallest ones.
Studies on the metabolism of hibernating hamsters in a cold room (4OC.) with a body temperature of 4OC. have shown (18) that, if the room temperature is dropped another 2' to 6"C., the animal's temperature will again begin to decline. Under these circumstances one of three things may happen-the animal's temperature may drop until it dies, the hibernator may 'wake UP'~ or it may remain in hibernation but increase its oxygen consumption so that its body temperature is maintained at 2.5OC.
-that is, above the new temperature of the cold room. It is significant that this figure for maintained body temperature is just above the lowest critical temperature for nerve functioning which we have found (2OC. in a hibernator). Hence the hamster shows remarkable adaptation to low temperatures both by a reflex metabolic adjustment for survival and by a tolerance of its nerves for cold not shown by the non-hibernator.
S-RY
The golden hamster (Mesocricetus aurutus) hibernates when exposed to cold whereas the rat does not. The behavior of tibia1 nerves from these two species was studied during cooling to determine whether the effects on the height of the action potential, conduction velocity, excitability and refractory periods would demonstrate species differences in the resistance of nerve to cold.
Nerves from hamsters did not cease functioning until an average temperature of 3.4OC. was reached, while nerves from rats ceased functioning at an average temperature of 9OC. When nerves from rats were cooled, the action potential, conduction velocity and excitability decreased linearly with temperature. When nerves from hamsters were cooled similarly these variables decreased at a slower rate. The action potentials increased in amplitude in the early stages of cooling and then declined.
Cooling increased the duration of the absolutely and relatively refractory periods of nerves from both animals, although relatively less so in the hamster than rat. Tibia1 nerves of hamsters, though capable of functioning at low temperatures, fatigued rapidly at such temperatures. The critical temperature at which peripheral nerve of the hamster ceases to function is at a level just below that at which hibernating hamsters have been found to maintain their body temperatures by metabolic means when exposed to extreme cold. The results reported are regarded as evidence of an intrinsic adaptation to cold possessed by a species capable of hibernation.
